In this study, the removal of a cationic dye, basic red 18, used in the textile industry with montmorillonite was investigated as a function of initial dye concentration, agitation speed, ionic strength, adsorbent dosage, pH and temperature. Adsorption process was attained to the equilibrium within 30 minutes. The adsorption capacity of basic red 18 increased with increasing ionic strength, initial dye concentration, pH, agitation speed, and temperature, but decreased with increasing adsorbent dosage. The experimental data were analyzed by Langmuir, Freundlich, Temkin, Elovich and Dubinin-Radushkevich isotherms, and it was found that the isotherm data were reasonably correlated by Freundlich isotherm. Pseudo-first order, pseudo-second order, Elovich kinetic equations and intraparticle diffusion model were used to examine the experimental data of different initial conditions. It was found that the pseudo-second order kinetic equation described the data of dye adsorption onto montmorillonite very well. Furthermore, for the removal of basic red 18, a semiempirical model was established. Thermodynamic analysis was carried out for basic red 18 onto montmorillonite. It was found that the adsorption processes were endothermic in nature. The values of E a , ΔH*, ΔS* and ΔG* at 293 K for basic red 18 adsorption on clay were calculated as 27.635 kJ mol , respectively. The results indicated that montmorillonite could be employed as an alternative to commercial adsorbents in wastewater treatment for the removal of color and dyes.
INTRODUCTION
Environmental pollution control has been a concerned issue in many countries. The environmental issues surrounding the presence of color in effluent is continuing problem for dyestuff manufactures, dyers, finishers and water companies, because increasingly stringent color consent standard are being enforced by regulatory bodies to reduce the quality of color in effluent and water courses. One of the powerful treatment processes for the removal of dyes from water is adsorption. Adsorption techniques have been proven successful in removing colored organics (Kuleyin and Aydin, 2011; Kumar et al., 2011; Rafatullah et al., 2010) . Adsorption is the separation of a substance from one phase accompanied by its accumulation or concentration at the surface of another. It is the process that takes place when a liquid or most commonly a gas known as the adsorbate accumulates on the surface of a solid adsorbent and forming a molecular film (Jain and Jayaram, 2010; Kumar et al., 2010) . Many adsorbents have been tested on the possibility to lower dye concentrations from aqueous solutions, such as activated carbon (Rodríguez et al., 2009) , gallinaceous feathers (Sousa et al., The influences of variables including initial dye concentration, agitation speed, ionic strength, adsorbent dosage, pH and temperature and on the adsorptive removal of Basic Red 18 (BR 18) were investigated in batch mode. In each experimental run, 100 ml of BR 18 solution of different concentrations between 25-750 mg L -1 and varying amount montmorillonite were kept in a 250 ml erlenmeyer flask. A constant agitation speeds using an Edmund Bühler incubator from 100 rpm to 400 rpm and at different temperatures form 293 K to 333 K was maintained for all the adsorption experiment. Ionic strength of aqueous solutions was adjusted with NaCl at examining ion intensity experiments. The solution pH was adjusted by addition of dilute aqueous solutions of HCl (0.01M) or NaOH (0.01M) using a WTW multi 340i pH-meter. Samples were taken at different contact times to determine the time required to reach equilibrium. After centrifugation at 10000 rpm, the absorbance of the supernatant was measured at 484 nm (Ghazi et al., 2003) using a Spekol-1100 UV-Vis spectrophotometer and then converted into concentration. The adsorption equilibrium capacity of BR 18 was calculated using the following relationship:
) is the dye concentration at initial and after equilibrium time respectively. V is the volume of the solution (L) and m is the mass (g) of montmorillonite. The adsorption capacity of BR 18 was calculated for kinetic studies by the following equation:
) is the dye concentration at initial and after time t respectively. V is the volume of the solution (L) and m is the mass (g) of montmorillonite.
3.
RESULT AND DISCUSSION 3.1. Adsorption isotherms The equilibrium adsorption of dyestuffs can be mathematically expressed in terms of adsorption isotherms. The parameters obtained from the different models provide important information on the adsorption mechanisms and the surface properties and affinities of the adsorbent. The most widely accepted surface adsorption models for single-solute systems are the Langmuir and Freundlich models. The correlation with the amount of adsorption and the liquid-phase concentration was tested with the Langmuir, Freundlich, Elovich, Temkin and Dubinin-Radushkevich (D-R) isotherm equations were given in the Table 2 (Dubinin and Radushkevich, 1947; Elovich and Larionov, 1962; Freundlich, 1906; Langmuir, 1918; Temkin, 1941) . Linear regression is frequently used to determine the best-fitting isotherm, and the applicability of isotherm equations is compared by judging the correlation coefficients. (Furusawa and Smith, 1974) Correlation coefficients and constants of the isotherm models were given in the Table 3 . As could be seen from table and Fig. 2 , experimental results with the best fit Freundlich isotherm (Iyim and Güçlü, 2009) . The capacity of the adsorption isotherm is fundamental, and plays an important role in the determination of the maximum capacity of adsorption. As could be seen from experimental results maximum adsorption capacity of BR 18 dye onto montmorillonite clay was calculated as 530.645 mg g -1 at pH: 4.0, 293 K temperature, 300 rpm agitation speed, 0.5 g L -1 adsorbent dosage and 0 mol L -1 NaCl ionic strength (Fig. 2) . Comparison of the adsorption capacity of cationic dyes onto adsorbents such as clay species was shown Table 4 (Guiza et al., 2004; Iyim and Güçlü, 2009; Jiang et al., 2008; Karim et al., 2009; Karim et al., 2010; Tahir and Rauf, 2006; Wang and Zhang, 2011) . 
Adsorption Kinetics
Several steps can be used to examine the controlling mechanism of adsorption process such as chemical reaction, diffusion control and mass transfer; kinetic models are used to test experimental data from the adsorption of BR 18 onto montmorillonite clay. The kinetics of dyes adsorption onto montmorillonite is required for selecting optimum operating conditions for the full-scale batch process. The kinetic parameters, which are helpful for the prediction of adsorption rate, give important information for designing and modeling the adsorption processes. Thus, the kinetics of BR 18 adsorption onto montmorillonite were analyzed using pseudo-first-order, pseudo-second-order, Elovich and intraparticle diffusion kinetic models were given in Table 2 (Furusawa and Smith, 1974; Ho and McKay, 1998; Ho et al., 1996; McKay et al., 1999) . The conformity between experimental , values close or equal to 1). The relatively higher value is the more applicable model to the kinetics of dye adsorption onto clay. The linear plots of t/q t versus t showed good agreement between experimental and calculated q e values at all experimental conditions than other models (Table 5 ). The correlation coefficients for the second-order kinetic model were greater than 0.995 which led to believe that the pseudo-second-order kinetic model provided good correlation for the adsorption of BR 18 onto montmorillonite (Dogan et al., 2007; Doğan et al., 2006; . The obtained results were shown for initial BR 18 concentrations in Figure 3 . Besides for adsorption on the outer surface of adsorbent, there is also a possibility of transport of adsorbate dye from the solution to the pores of the adsorbent due to vigorous agitation during the adsorption process. It is probably reasonable to assume that the rate is not limited by mass transfer of BR 18 from the aqueous solution liquid to the clay particle external surface. One might then base that the rate limiting step may be film or intra-particle diffusion. The most commonly used technique for identifying the mechanism involved in the adsorption process is by using intra-particle diffusion model (Wu et al., 2009 ) was given by Table 2 . The R 2 values were given in Table 5 were close to unity indicating the application of this model. This may confirm that the rate-limiting step is the intraparticle diffusion process. The linearity of the plots demonstrated that intraparticle diffusion played a significant role in the uptake of the adsorbate by adsorbent. 
Effect of initial adsorbate concentration on adsorption process
The influence of the initial concentration of basic red 18 (25-750 mg L -1 ) on the adsorption rate using montmorillonite was studied. The experiments were carried out at 0.5 g L -1 adsorbent dose, at 300 rpm agitation speed, at 0 mol L -1 NaCl concentration, at 293 K temperature and at pH: 4.0 for 30 min (Fig. 4) . The percent adsorption decreased with increase in initial dye concentration, but the actual amount of dye adsorbed per unit mass of adsorbent increased with increase in dye concentration in the test solution for different concentrations (25-750 mg L -1 ) at the same time (min). The increase in adsorption with the increase in BR 18 concentration is due to the driving force that initial concentration provides to overcome the mass transfer resistance between the aqueous and solid phases. The adsorption rate was high at early adsorption period due to availability of large number of vacant site which increased the concentration gradient between the adsorbate in the solution and adsorbate on the adsorbent surface (Zohra et al., 2008) . Similar results were observed in the literature (Karadag et al., 2007; Unuabonah et al., 2008) .
Effect of agitation speed on adsorption process
Adsorption studies were carried out with an orbital incubator at pH: 4.0, which is initial pH of the dyed solution. Basic red 18 dye solution was 100 mg L -1
. The agitation speed varied from 100 to 400 rpm. The adsorption efficiency increased because of increasing kinetic energy between the dye molecules and the montmorillonite particles (Fig. 5) . Thus, the adsorption efficiency increased with increasing agitation speed and the dye removal efficiency was maximal at 400 rpm. The effect of agitation rate onto the montmorillonite was shown in Fig. 5 , temperature 293 K, ionic strength: 0 mol L -1 NaCl, solution pH: 4.0)
Effect of ionic strength on adsorption process
As shown in Fig. 6 , adsorption of BR 18 on montmorillonite increased upon addition of small quantities of salt. The effect of ionic strength on dye adsorption onto montmorillonite surface was studied on 0 M, 1x10 -1 M, 1x10 -2 M, and 1x10 -3 M NaCl solutions at pH: 4.0, 300 rpm agitation speed, 293 K temperature, 0.5 g L -1 adsorbent dosage and 100 mg L -1 initial adsorbate concentration. Theoretically, when the electrostatic forces between the adsorbent surface and adsorbate ions were attractive, as in this system, an increase in ionic strength will decrease the adsorption capacity. Conversely, when the electrostatic attraction is repulsive, an increase in ionic strength will increase adsorption Wang and Zhang, 2011) . The experimental data from this study did not follow this convention, as the adsorption of negatively charged dye molecules on positively charged montmorillonite increased with NaCl addition. The increase in dye removal after NaCl addition can be attributed to an increase in resolution of BR 18 in solution. 
Effect of adsorbent dosage on adsorption process
The effect of adsorbent amount on the uptake of the dye was measured for dye concentration 100 mg L -1
, and different quantity of clay (0.25, 0.50, 0.75 and 1.00 g L -1
) at pH 4, 300 rpm agitation speed and 293 K temperature (Figure 7 ). In general, it was found that by increasing the amount of the adsorbent the adsorption rate increased. This increase was most significant when the amount of adsorbent increased from (0.25-1.00 g L -1
). Maximum dye removal was achieved within 30 minutes after which a decrease in BR 18 concentration was negligible. Increase in dye removal percentage with adsorbent dose can be attributed to increased adsorbent surface area and availability of more adsorption sites. But, when was increased adsorbent dosage from 0.25 g L -1 to 1.00 g L . This may be attributed to the availability of more sorption sites due to higher amount of the sorbent. At higher montmorillonite to solute ratios, there is a very fast sorption onto the sorbent surface that produces a lower solute concentration in the solution compared to the sorbent to solute concentration ratio is lower (Vimonses et al., 2009) . At the beginning of the process the rate of dye removal by the clay was fast during the first 10 min and then decreased gradually. 
Effect of initial solution pH on adsorption process
The pH value of the solution is an important parameter for the adsorption processes, and the initial pH value of the solution has significant influence compared to than the final pH. To study the effect of pH on BR 18 adsorption, the experiments were carried out at 100 mg L -1 initial dye concentration with 0.5 g L -1 adsorbent dosage at 293 K and 300 rpm agitation speed. In general, initial pH value may enhance or depress the uptake. This is attributed to the charge of the adsorbent surface with the change in pH value. Figure 8 showed the relationship between the pH value and the adsorption capacity of BR 18. It could be seen from the figure that as the solution pH increased, the adsorption capacity increased. Increasing solution pH increases the number of hydroxyl groups thus, increases the number of negatively charge sites and enlarges the attraction between dye and adsorbent surface, (Karim et al., 2009) . Generally, the net positive charge decreases with increasing pH value lead in the decrease in the repulsion between the adsorbent surface and the dye thus, improving the adsorption capacity.
Effect of solution temperature on adsorption process
The effect of temperature on the removal of BR 18 dye was investigated effect of solution temperature (293, 303, 313, 323 and frequency between adsorbent and the dye molecules increased then the dye molecules electrostatically adsorbed onto the surface of the adsorbent particles (Weng and Pan, 2007) . , agitation speed 300 rpm, ionic strength 0 mol L -1 NaCl, solution pH: 4.0) 3.9. Activation parameters and thermodynamic parameters 3.9.1. Activation Energy Adsorption rate constant temperature dependence can be given as follows (Al-Ghouti et al., 2005) : ), T is the solution temperature (K). Plotting of ln k 2 against the reciprocal temperature gives a reasonably straight line, the gradient of which is −E a /R g . From Eq. (12), the activation energy, E a , is 27.635 kJ mol −1 (Fig. 10) . The magnitude of activation energy gives an idea about the type of adsorption which is mainly physical or chemical. Low activation energies (5-50 kJ mol −1 ) are characteristics for physical adsorption, while higher activation energies (60-800 kJ mol −1 ) suggest chemical adsorption (Nollet et al., 2003) .
Thermodynamic parameters
Free energy (ΔG * ), enthalpy (ΔH * ) and entropy (ΔS * ) of activation can be calculated by Eyring equation (Laidler and Meiser, 1999) : , respectively. The free energy of activation, ΔG * have also been computed at 293 K (Table 6 ). Thermodynamical parameters were evaluated for BR 18 ions and showed that the adsorption of the dye is endothermic in nature. The positive value of ΔH* showed that adsorption was favorable at higher temperature and the presence of possible chemisorptions phenomenon. The positive values of the Gibbs free energy change (ΔG*) confirm that the adsorption process was not spontaneous 538 FIL et al. whereas the negative values of the entropy (ΔS*) confirm that the decreased randomness at the solid-solute during adsorption process. ), T is the reaction temperature (K), and t is the contact time (min). The correlation between experimentally obtained (t/q t ) and predicted (t/q t ) was given in Fig. 12 . Predicted values (t/q t ) (min.g/mg) Figure 12 . Correlation between experimental and statistically predicted t/q t values
CONCLUSIONS
The results of this investigation showed that Turkish clay montmorillonite has a suitable adsorption capacity for the removal of BR 18 from aqueous solutions. The experimental results were fitted well with Freundlich isotherm model. The data indicate that the adsorption kinetics follow the pseudosecond-order rate with intraparticle diffusion as one of the rate determining steps. Adsorption capacity increased that with increasing pH, temperature, agitation speed, initial dye concentration and ionic strength but, decreased that with increasing adsorbent dosage in spite of the increase percent removal. The activation parameters of the adsorption process helped in predication of how the adsorption of dye molecules might vary with temperature changes. The present study concludes that the montmorillonite could be employed as low-cost adsorbents as alternatives to commercial activated carbon for the removal of color and dyes from wastewater.
